The similarities and differences in the structures of the nifH gene pools of six different soils (Montrond, LCSA-p, Vernon, Dombes, LCSA-c, and Thysse Kaymor) and five soil fractions extracted from LCSA-c were studied. Bacterial DNA was directly extracted from the soils, and a region of the nifH gene was amplified by PCR and analyzed by restriction. Soils were selected on the basis of differences in soil management, plant cover, and major physicochemical properties. Microenvironments differed on the basis of the sizes of the constituent particles and the organic carbon and clay contents. Restriction profiles were subjected to principalcomponent analysis. We showed that the composition of the diazotrophic communities varied both on a large scale (among soils) and on a microscale (among microenvironments in LCSA-c soil). Soil management seemed to be the major parameter influencing differences in the nifH gene pool structure among soils by controlling inorganic nitrogen content and its variation. However, physicochemical parameters (texture and total C and N contents) were found to correlate with differences among nifH gene pools on a microscale. We hypothesize that the observed nifH genetic structures resulted from the adaptation to fluctuating conditions (cultivated soil, forest soil, coarse fractions) or constant conditions (permanent pasture soil, fine fractions). We attempted to identify a specific band within the profile of the clay fraction by cloning and sequencing it and comparing it with the gene databases. Unexpectedly, the nifH sequences of the dominant bacteria were most similar to sequences of unidentified marine eubacteria.
Soil diazotrophs are the main source of the nitrogen input in primary-production ecosystems. In the biosphere, except for anthropic nitrogen inputs, nitrogen fixation is the principal way in which the nitrogen supply is maintained and increased. Nitrogen fixation occurs in a wide range of bacterial phyla, from Archaebacteria to Eubacteria (54) . All N 2 fixers carry a nifH gene, which encodes the Fe protein of the nitrogenase.
This nifH gene has been largely studied by culture-independent approaches. These approaches provide a more complete picture of the diazotrophic community than culture-based approaches. Various techniques, such as PCR cloning (55, 56) , denaturing gradient gel electrophoresis (36, 37) , PCR-restriction fragment length polymorphism (RFLP), and fluorescently labeled terminal (FLT)-RFLP (10, 31, 32, 48, 53) , have been used to analyze the composition of nifH gene pools in various environments. These studies found that the nifH gene is present in diverse environments: forest soil (48, 53) , the rhizosphere of native wetland species, such as Spartina (10, 36, 37) , or of crop species, such as rice (52) , aquatic (7, 55, 56) or polar (34) cyanobacteria, and the bacteria found in termite guts (31, 32, 33) . All these studies described a large number of unknown sequences which correspond to diverse unidentified diazotrophs. Some nifH genes are characteristic of an ecological niche (10, 48) . Shaffer et al. (48) evoked the possible relationship between the habitats of soil nitrogen-fixing bacteria and the structure of nifH gene pools.
Environmental parameters affecting the activity of soil bacteria, especially N 2 fixation, have been detailed over many years (3, 13) . In grasslands, plant species may affect microbial biomass and activity (5). Riffkin et al. (42) showed that N 2 fixation is influenced by different soil factors, including soil texture. Cejudo and Paneque (9) and Limmer and Drake (29) suggested that the nitrogen status of the soil may also influence N 2 fixation by diazotrophs. The role of inorganic nitrogen, such as ammonium and nitrate, in preventing N 2 fixation may be related to the limitation of gene expression and to the inactivation of the nitrogenase enzyme in some bacteria (45) .
We aimed to investigate the nifH gene pools in soils in relation to differences in their texture, plant cover, and management to determine whether similarities among pools exist and which common environmental factor(s) could explain such similarities. Contrasting microenvironments within the soil were also studied, because they overwhelm the global factors (plant cover, soil management) and may reveal the specific influence of local factors (organic matter, clay minerals, contact with soil solution, etc.). The structure of the nifH gene pool was investigated by RFLP analysis of the nifH gene, which had been amplified from DNA directly extracted from soil samples. Restriction patterns were compared using a principal-component analysis (PCA) to estimate the relatedness of nifH gene pools and to identify some of the soil characteristics involved in these relationships. We attempted to identify the diazotrophs by cloning and sequencing a specific band within the profile of the microenvironment and comparing the sequences obtained with a gene data bank.
MATERIALS AND METHODS
Soil samples. Samples were collected from the upper layer (0 to 20 cm) of the studied soils. Five soils from France and one tropical ultisol (Senegal) were sampled. The main characteristics of the soils, the dominant plant species, soil management, and location are given in Table 1 .
The cultivated LCSA-c soil sample was separated into five fractions, corresponding to various sizes of particles and aggregates, by a size fractionation procedure (25) . The 250-to 2,000-m and 50-to 250-m fractions were coarse and fine sands, respectively, with associated macroaggregates. The 20-to 50-m and 2-to 20-m size fractions were microaggregates with particles of silt and loam, respectively, and the Ͻ2-m fraction consisted of dispersible clays and organic colloids. The fractionation procedure was carried out in duplicate on subsamples (30 g equivalent dry weight) from field samples sieved through a 2-mm mesh. The proportions of the various fractions and their characteristics are presented in Table 2 .
Extraction and purification of DNA from soil and fraction samples. Bacterial DNA was directly extracted from soil samples and from soil microenvironments by a direct-lysis method (39) . DNA was extracted from each replicate of the fractionation process and in duplicate on unfractionated soils. DNA was purified and quantified as described previously by Ranjard et al. (39) .
PCR amplification of the nifH gene fragment. One hundred nanograms of DNA was used as template in PCR. Selected primers PolF and PolR (5Ј TGC GAY CCS AAR GCB GAC TC 3Ј and 5Ј ATS GCC ATC ATY TCR CCG GA 3Ј, respectively) (38) were used to amplify a 360-bp region between sequence positions 115 and 476 (referring to the Azotobacter vinelandii nifH coding sequence [M20568]). PCR amplification was carried out as described by Poly et al. (38) .
RFLP analysis. Ten microliters of each PCR product was directly used for restriction enzyme cleavage. The reaction enzyme mixture contained 1ϫ restriction enzyme buffer and 1.25 U of restriction endonuclease. MnlI, HaeIII, and NdeII (Biolabs) were selected for their specificity for the amplified region of nifH (38) and were used as specified by the manufacturer. The PCR products were digested overnight. Digested DNA samples were analyzed by electrophoresis in a 5% polyacrylamide gel (19:1) (Bio-Rad). The electrophoresis conditions were 15 h at 35 V in 1ϫ Tris-borate-EDTA buffer, followed by 30 min of staining in 1ϫ SYBR Green I (FMC BioProducts). This procedure was repeated at least two times for each sample to verify the consistency of the patterns. To assess the possible influence of the time of sampling, RFLP analysis was carried out four times over a 90-day period between April and July on Vernon soil.
Analysis of restriction profiles and statistical analysis of data. The band intensity and band running times of each fragment were automatically integrated with Molecular Analyst software (Bio-Rad). A matrix was built using the relative intensity of each band compared to the total intensity of the profile.
PCA on the covariance data matrix was performed with soils (or soil microenvironments) as the rows and the relative intensities of the bands from the three restriction enzymes as the columns. This provided an ordering of nifH gene pools, which were plotted on two-dimensional maps. PCA on the correlation data matrix obtained from physicochemical characteristics (as columns) ( Table  2 ) of each fraction (as rows) was performed. The Monte Carlo test was carried out with 10,000 random permutations to test the significance of the PCA results.
PCA analysis and the permutation test were carried out using the ADE-4 software (49) .
Characterization of a MnlI nifH restriction fragment. A band of approximately 250 bp, specific to the Ͻ2-m fraction of LCSA-c soil, was isolated from the MnlI restriction profile. The fragment was excised from the polyacrylamide gel (19:1) and purified by electroelution with a Mini-Protean II apparatus (Bio-Rad), and the purified nifH fragment was recovered in 20 l of ultrapure water.
A clone library was constructed with the SureClone ligation kit (Pharmacia, Orsay, France). The restriction fragment resulting from MnlI digestion was ligated to pUC18 (Promega, Charbonnieres, France) and transformed into competent Escherichia coli DH5␣ (Life Biotechnologies, Cergy Pontoise, France) in accordance with the manufacturer's instructions. Cells were grown in LuriaBertani medium at 37°C for 24 h. Fifty clones with the insert (white colonies) were sampled, suspended in 100 l of ultrapure water, lysed by being boiled for 3 min in a bath, and then frozen for 5 min in liquid nitrogen. Cell residues were pelleted by centrifugation for 3 min at 3,000 ϫ g. Plasmid inserts were collected from each clone by amplifying 1 l of the supernatant lysate with primers M13R and M13F, which annealed to the polylinker of pUC18 (Promega). The amplicon was run in a 2% agarose gel to determine the size of the insert. Only inserts of 250 Ϯ 30 bp were screened for insert diversity. The amplified inserts were digested separately with NdeII, HaeIII, and TaqI (Biolabs) from 8 l of the PCR product. The resulting fragments were separated by gel electrophoresis in 4% Metaphor agarose (FMC BioProducts). The electrophoretic patterns of restriction fragments were analyzed. Individual clones were grouped into restriction groups or phylotypes based on a 100% identity threshold of the restriction patterns for the three enzymes used.
Determination of nucleotide sequences and phylogenetic analysis of clones. The fluorescence DiDeoxy termination method was used to sequence both strands of the plasmid inserts in an automated fluorescence sequencing system (Genome Express, Grenoble, France). In phylotypes 1 to 5 we sequenced 4, 2, 1, 1, and 1 clones, respectively.
Sequences were aligned with the Clustal W package (50) and then corrected by manual inspection. A phylogenetic tree was constructed using the neighborjoining method (46) on sequence fragments (260 bp in positions 214 to 476 of the Azotobacter vinelandii nifH coding sequence [M20568]). The topology of this distance tree was tested by resampling data with 1,000 bootstraps (15) to provide confidence estimates for tree topologies. Parsimony and maximum-likelihood analysis was done using the Phylo-Win program (16) .
Nucleotide sequence accession numbers. DNA sequences were deposited in GenBank with the following accession numbers: AF312941, AF312942, AF312943, AF312944, AF312945, AF312946, AF312947, AF312948, and AF312949.
RESULTS
Soil and microenvironment properties. Soils were compared on the basis of their physicochemical characteristics (Table  1) , resulting in four soil types. Physicochemical properties grouped LCSA-c and LCSA-p soils, loam soils which were sampled at the same location and which differed mainly in their soil management (crop cultivation versus permanent pasture). Vernon and Dombes soils, two soils which were a long way apart geographically, were both silt loam. Montrond soil, which has high organic matter and clay contents, represented a third type, clay loam soil, and Thysse Kaymor (Thysse K.), which has a high fine sand content and a low organic matter content, represented the fourth type, sandy loam soil.
The physicochemical characteristics of soil fractions from LCSA-c (Table 2) were compared by PCA (data not shown). PCA classified fractions into size categories correlated with their organic matter, nitrogen, and clay contents.
RFLP analysis of nifH gene pools from soils. Amplification of nifH with degenerate primers yielded a single band of the expected size (approximately 360 bp) (data not shown). Reproducible restriction profiles were obtained for duplicate soil samples and also for samples collected at various times from the same field (Fig. 1) . Different soils gave contrasting patterns ( Fig. 2 for MnlI; data not shown for NdeII and HaeIII), with differences in the presence or absence of fragments and in the relative intensities of fragments. A different number of fragments was observed depending on the restriction endonuclease used. For example, HaeIII provided 19 different bands from the six unfractionated soils, whereas MnlI and NdeII resulted in 31 and 33 bands, respectively. Some fragments were found in all soils, such as the 110-and 85-bp MnlI bands (Fig. 2) and the 300-and 280-bp NdeII bands (data not shown). Other bands were found to be characteristic of one soil: MnlI 245-bp ( Pairwise analysis of nifH gene profiles by PCA allowed the ordering of nifH gene pools. The first principal component, PC1, and the second principal component, PC2, explained 33 and 23% of the variance of the data, respectively (Fig. 3) . The factorial map (Fig. 3) showed that three of the studied soils (LCSA-c, Dombes, and Thysse K.) were grouped, whereas the other soils were not. PCA indicated that there was a large variability in nifH pools in permanent pasture soils (LCSA-p, Montrond, and Vernon) and a low variability in nonpasture soils. The significance of the separation of nonpasture soils from pasture soils was tested with a Monte Carlo test. Results (Fig. 4) . Differences were mainly due to differences in the relative intensities of common bands among profiles. The numbers of different bands with HaeIII, MnlI, and NdeII were 15, 19, and 27, respectively. The number of restriction bands classified enzymes in the same order (HaeIII Ͻ MnlI Ͻ NdeII) as the soil study.
The first and the second principal components, PC1 and PC2, explained 41 and 34% of the variance of the data, respectively (Fig. 5) . PCA on the three enzyme patterns (Fig. 5) showed that ordering on PC1 mostly corresponded to sizes of the fractions and showed that the finest-size fraction (Ͻ2 m) and the sand fractions (Ͼ50 m) were at opposite ends on the PC1 axis (Fig. 5) . PC2 differentiated the 50-to 250-m fraction from the Ͼ250-m fraction and the 2-to 20-m fraction from the 20-to 50-m fraction. Some bands were associated with certain microenvironments; for example, the nifH gene MnlI RFLP profile from the DNA of the Ͻ2-m fraction exhibited one dominant band at 250 bp (Fig. 4) .
Cloning and sequencing of the MnlI 250-bp band. This band was chosen for further characterization to study the diversity of the nifH sequences associated with this fragment. Fifty clones were screened for the nifH insert, and 45 clones (90%) had an insert of the expected size (250 bp). Restriction analysis with TaqI, NdeII, and HaeIII resulted in division of the clones into 16 phylotypes. Phylotypes 1 to 5 accounted for 33, 29, 6.6, 4.5, and 4.5% of the clones, respectively. Each of the additional 11 phylotypes were represented by a single clone.
The five phylotypes that contained more than one clone were sequenced. The nucleotide sequences of the nifH insert were aligned and compared to nifH sequences (Fig. 6 ) from databases. All the clones sequenced were located at the 3Ј end of nifH PCR products, at positions 214 to 476 of the A. vinelandii nifH coding sequence (GenBank accession no. M20568). The sequences of clones from phylotypes 1, 2, 4, and 5 were very similar (Fig. 6) . Phylotype 2 nifH sequences had one change compared to those of phylotype 1; the C residue at position 474 was replaced by a G residue (with reference to A. vinelandii M20568), which removed one of the HaeIII restriction sites. Phylotype 4 (4.5%) lacked a 33-bp region at the 3Ј end. Phylotype 5 (4.5%) had the largest sequence (260 bp) and differed from the others by four nucleotides in positions 244, 462, 465, and 474. The nifH sequences of phylotypes 1, 2, 4, and 5 were all similar to the sequence of an unidentified marine eubacterium (AF059644, AF059645) (56) and clustered to Acidithiobacillus ferrooxidans (M15238). Clones from phylotype 3 (6.6% of the selected clones) harbored a 244-bp fragment in which 20% of the nucleotides did not match those in any of the other phylotypes. The sequence of phylotype 3 was similar to the sequence of a ␤-proteobacterium, identified as Azoarcus communis (U97117). 
DISCUSSION
We used RFLP-PCR on nifH gene pools to investigate the genetic structure of the diazotrophic communities associated with various soils and microenvironments. Considering the taxonomy of diazotrophs, Young (54) reported that the phylogeny of the nifH gene is broadly consistent with that based on 16S rRNA, showing that nifH could be considered a good marker of diazotrophic community structure. Other studies (33, 52, 55) reported that the analysis of partial nifH gene sequences provided information on the phylogeny and composition of diazotroph natural communities.
PCA ordering of soil and microenvironment gene pools was compared to the ordering of soil based on soil properties to identify the environmental factors controlling the observed structure of the diazotroph communities. An attempt to identify the diazotrophic pool carrying a nifH gene fragment specific to the clay fraction of the LCSA-c soil was also made. This fragment was cloned, sequenced, and aligned with known nifH sequences published in GenBank.
Comparison of the structure of the nifH gene pool among soils. PCA ordering (Fig. 3) revealed two soil groups: the first group included the two cultivated soils (LCSA-c and Thysse K.) and the alder forest soil (Dombes). The nifH gene pool of the second group, consisting of the three soils under permanent pasture (LCSA-p, Montrond, and Vernon), exhibited a more distinctive composition than that of the gene pool of the first group of soils. The Monte Carlo test confirmed that two groups were significantly separated (P ϭ 0.0017), suggesting that the structure of the nifH gene pool is not controlled by the geographical location of the soils. The time stability of the RFLP profiles was revealed by comparing the Vernon soil profiles derived from samples collected at four sampling times over a 90-day period (from April to July). No differences among profiles could be detected (Fig. 1) , suggesting that the nifH pool structure of a soil remains stable over several months. Similarly, Shaffer et al. (48) showed that the nifH gene profiles of a forest soil were similar over a 16-month period and Piceno and Lovell (36, 37) showed that even dramatic modifications in nutrient availability (nitrogen, carbon, and phosphorus) did not affect the diazotroph pool in the rhizosphere of Spartina alterniflora in the short term.
Most studies usually report the influence of soil physics (42) and chemical properties (13, 18) on diazotrophic activity. Our results revealed that the observed differences in nifH gene pool structure among various soils cannot be explained by the measured physicochemical characteristics (Table 1 ). This discrepancy highlights the finding that diazotrophic activity and diazotrophic community structure are not similarly affected by soil properties. The structure of the nifH gene pool might not be related to gene expression or to nitrogenase activity. A study by Alexander (2) showed that the presence or absence of particular culturable bacterial genera may depend on soil parameters. We studied bacteria without regard for their ability to grown on synthetic media. Nonculturable bacteria represent a large part of soil diazotrophs (52, 53) , and this may explain why the influence of soil parameters observed by Alexander on culturable bacteria only (2) was not predominant for all diazotrophs.
The lack of relationships between nifH gene pools and the considered physicochemical characteristics suggested that other soil properties are responsible for the observed nifH gene pool ordering. Bardgett et al. (5) suggested that plant species affect the soil microbial community more than the physical or chemical properties of the soil. Our results did not support this suggestion: the tightly clustered group of nonpasture soils contained distinct plant species (maize, millet, and alder); contrastingly the soils from the three pastures, characterized by similar complex gramineous associations (data not shown), were completely disjointed. These results suggest that plant species are not the main factor that influences the nifH gene pool. Another parameter that could influence the diazotrophic community structure is the amount and quality of organic matter, especially nitrogen. The total amounts (inorganic and organic) of nitrogen in all soils were measured (Table 1) and were not found to be correlated to the observed nifH gene pool differentiation. Various studies have indicated that the activity (9, 29) and abundance of total diazotrophs or of specific populations can be influenced by the amounts of the inorganic nitrogenous forms. For example, ammonium and nitrate inhibit the nitrogenase enzyme even at low concentrations (35) , and the nitrate content was reported to be negatively correlated with the number of diazotrophs (22), such as azospirilla on maize roots (26) or Acetobacter diazotrophicus in sugar cane fields (14) . In our study, the differences among the nifH gene pools in the various studied soils may result from selection or the adaptation of diazotrophs to distinct inorganic nitrogen environmental conditions. Although we did not identify and quantify the different nitrogen forms, it can be supposed that the studied pasture soils and the nonpasture soils offered these contrasting conditions, which influence nitrogen mineralization and consequently the balance between organic and inorganic forms. Soils under permanent pasture are characterized by a lower nitrogen mineralization than forest or cultivated soils (47) . Denitrification (28) and plant nutrition processes lower the nitrate content in pastures. Furthermore, the amount of inorganic nitrogen in cultivated soils and in forest soil can be increased by processes such as fertilizer application and the rapid degradation of organic matter. The application of inorganic fertilizer (21) and tillage (4, 8) stimulate the mineralization of native soil organic matter. A high nitrogen content and a low lignin content have been observed in the litter of alder (12) ; these lead to a rapid degradation of organic matter (21, 51) and consequently to the production of inorganic nitrogen (17) . Fertilization and degradation of organic matter are discontinuous processes (44) which temporarily alter the amount of bioavailable inorganic nitrogen. Consequently, the structure of the nifH pools analyzed in our study might result from the adaptation to different amounts of inorganic nitrogen forms and also from the rhythm of inorganic nitrogen production (constant in pastures and fluctuating in nonpasture soils). The inorganic nitrogen status of soils is in turn influenced by interactions among soil chemical properties, plant species, and soil management.
Comparison of nifH gene pools among LCSA-c soil factions. Restriction profiles from the various microenvironments of LCSA-c soil were found to be different from the profile of the unfractionated soil and from each other. Ordering on PC1 (Fig. 5) revealed that most differences in genetic structure occurred between the coarse fractions (Ͼ250 m and 50 to 250 m) and the clay fraction (Ͻ2 m). Various studies, such as whole-cell counting (24, 40) and biomass measurements (23) , as well as specific bacterial enumerations (25) and determinations of the genetic structures (40) and activities (6, 28, 30) of bacterial subcommunities, have shown that soil microenvironments differ from each other. Ordering on PC1 grouped nifH gene pools located in microenvironments with similar granulometric characteristics: the two coarse fractions (Ͼ250 m and 50 to 250 m) were closely related, as were the two medium fractions (20 to 50 m and 2 to 20 m). The Ͻ2-m fraction was distinct from the others. PCA on the physicochemical characteristics of the fractions resulted in an ordering of size fractions on PC1 (data not shown) that was similar to the ordering based on nifH patterns. Therefore, the structure of nifH gene pools in fractions is probably correlated to the main characteristics of these fractions (clay, organic matter, and nitrogen contents). On a similar microscale, bacterial activities, such as the mineralization of organic matter (11), respiration, and denitrification (28) , and the structure of bacterial populations associated with the size fractions (40) have also been reported to be influenced by the same parameters (clay, organic matter, and nitrogen contents).
The amount of the available inorganic nitrogen may vary among microenvironments as well as among different soils. Several studies have shown that the amount of mineralized nitrogen was greater in macroaggregates than in microaggregates and clay fractions (19, 47) . Similarly, the finest fractions have a higher denitrifying activity and a lower inorganic nitrogen content (28) . Furthermore, microorganisms associated with coarse fractions are probably in close contact with the soil solution and are probably subjected to greater fluctuations in conditions (water, nutrients, aeration status, fertilizer input, etc.) than microorganisms associated with microaggregates and clay fractions (20, 24, 43) . The structure of nifH gene pools in the microenvironments might also result from a specific adaptation of diazotrophs to fluctuating environmental conditions (such as inorganic nitrogen release) in coarse fractions, whereas the more-constant conditions encountered in the microaggregates and the clay fractions favor other nifH genes and other diazotrophs.
Identification of diazotrophs. We attempted to identify the diazotrophs by use of a specific nifH gene band within a profile. The presence of numerous nifH gene sequences in databases and the similar phylogenetic trees derived from both the 16S rRNA genes and the nifH genes should facilitate the identification of diazotrophs. However, the amplified fragment (360 bp) and the small restriction fragments derived from this amplicon restricted identification. A characteristic dominant 250-bp band (the main MnlI nifH restriction fragment in the clay fraction profile) (Fig. 4) was cloned and sequenced.
The RFLP profiles of the cloned fragments led to the assignment of 15 phylotypes, of which four phylotypes (1, 2, 4, and 5) represented 71% of the selected clones. These phylotypes have very similar sequences, revealing the low diversity of nifH sequences in this band. It is probably not due to a discriminative amplification by the primers used because Poly et al. (38) showed that these primers are effective on most of the bacteria belonging to the cluster I branch of nifH phylogeny (7) . Other explanations include the high sensitivity of the method, because a band can discriminate strains from the same species (38) , or the specificity of the clay environment, which reduces the diversity of the associated diazotrophs.
Although the bootstrap values were low and mainly nonsignificant, the phylogenetic tree obtained from the small nifH sequence was consistent with the phylogenetic tree (1, 52, 54) deduced from the comparison with the larger nifH sequence. Young (54), Ueda et al. (52) , and Achouak et al. (1) also found that the nifH sequence from Acidithiobacillus ferrooxidans, a ␥-proteobacterium (27) , grouped with those from some ␣-proteobacteria. The same unexpected presence of a ␤-proteobacterium in the ␣-proteobacterium cluster was found for Herbaspirillum seropedicae.
BLAST homologies and the positioning of the clones in the nifH partial sequence-derived tree showed that the four dominant phylotypes grouped with two sequences described by Zehr et al. (56) from Pacific Ocean diatom samples. This relationship between nifH sequences from marine and soil environments is surprising due to the different environmental conditions encountered. However, previous studies have mentioned similarities between nifH genes from bacteria associated with zooplankton or marine microbial mats and from bacteria living in termite guts (7) . Similarly, the latter were found to be similar to bacteria associated with rice rhizospheres (33) . Phylotype 3, which represented 6.6% of the clones, was found to be similar to the Azoarcus genus. This was less surprising as this genus is commonly found in soil and can colonize the roots of many gramineous plants (41) . The next step of this study will be to isolate the bacteria carrying these genes to evaluate how they are adapted to the environments they originated from.
Conclusion. This study showed that the composition of the nifH gene pool varies both on a large scale (among soils) and on a microscale (among microenvironments isolated from one soil). Soil management seemed to be the dominant parameter influencing the genetic structure in the unfractionated soils studied by controlling inorganic nitrogen content and its fluctuation. On a microscale, physical and chemical properties (texture and total C and N contents) were correlated with differences among nifH gene pools. We hypothesize that the observed nifH genetic structure resulted from adaptation to fluctuating conditions (cultivated soil, forest soil, coarse fractions) compared to constant conditions (permanent pasture soil, fine fractions). The diazotroph that is specific to the clay environment in LCSA-c soil was identified by cloning, sequencing, and comparing new sequences with those of known nifH genes. This strategy proved to be successful even on short DNA fragments. A further step would be to isolate and identify diazotrophs that are adapted to fluctuating inorganic nitrogen and to constant and low inorganic nitrogen content.
